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Oxidative metabolism of the normal rat glomerulus
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Oxidative metabolism of the normal rat glomerulus. Glomeruli
from adult normal male Wistar rats were obtained by teasing a
cortex slice with stainless steel needles. The enzyme content and
the morphologic aspect of these glomeruli were assessed as a
preliminary step to further metabolic studies. Robinson's
medium appeared to be the most suitable medium. There was no
loss of glutamic dehydrogenase, glucose-6-phosphate dehydro-
genase or acid phosphatase. Lactate dehydrogenase was lost to
about 50%. Electron microscopy showed morphologic signs of
damage in the podocytes. The giomerular oxygen uptake was
measured with the help of the Cartesian diver technique, using
approximately 20 glomeruli per assay. The endogenous respir-
atory rate was linear for at least three hours, The mean dry wt of
lyophilized glomeruli was determined for 13 rats for which the
glomerular oxygen uptake had been measured, and these data
showed a glomerular Q02 of 4 il/hr/mg of dry wt. The following
substances were tested for their influence on the oxygen uptake:
acetate, a-oxoglutarate, citrate, oxalacetate, glutamate, alanine,
all 10mM; succinate, 2.5, 5 and 10 mM; glucose, 5, 10 and 20mM;
fructose 10 and 20 mM; and palmitate. Citrate increases the 02
uptake/hr/glomerulus by 30%; glucose, 20 m, by 30%; and
succinate, 2.5 m by 50% and 10 m by 190%. In a Robinson's
medium containing 35 mg of albumin/mi, the endogenous re-
spiration is not different from that obtained in the inorganic
medium but the oxygen uptake is increased 26% by glucose,
10 m. From these data, it can be concluded that the oxygen up-
take of the glomerulus is small. This fact explains its resistance
to anoxia. The systematic investigation of possible substrates in-
dicate that glucose, citrate and succinate may play a role in
supporting this small oxidative metabolism.
Metabolisme oxydatif du glomerule de rat normal. Des glomé-
rules de rat Wistar adulte sont aisément obtenus par simple
dilacération d'une tranche de cortex renal. Leur contenu enzy-
matique et leur aspect morphologique furent d'abord étudiés. II
n'y a pas de perte de deshydrogénase glutamique, ni de glucose-
6-phosphate deshydrogénase, ni de phosphatase acide. Cm-
quante pour cent de Ia deshydrogénase lactique sont perdus.
L'examen au microscope électronique a mis en evidence des
alterations des podocytes. La consommation d'oxygène fut
mesurée par Ia technique du "Cartesian diver" qui permet de
n'utiliser qu'une vingtaine de glomerules par mesure. La re-
spiration endogéne se poursuit linéairement pendant au moms
trois heures. Le poids sec moyen d'un glomérule fut déterminé
pour 13 rats pour lesquels on connaissait Ia consommation
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d'oxygéne glomerulaire. Le Qo2 est de 4 il/hr/mg DW. Les sub-
stances suivantes furent testées comme substrat possible: acetate,
a-keto glutarate, citrate, oxalo-acetate, glutamate, alanine, tous
10 mM; succinate, 2.5, 5 et 10 mM; glucose, 5, 10 et 20 mM;
fructose, 10 et 20 mM; et palmitate, i ms& Citrate, 10 mM, aug-
mente le Qo2 de + 30%; glucose, 20 mi, de + 30%; succinate,
2,5 mri de +50% et 10 mn de + 190%. Lorsque le milieu con-
tient 35 mg albumin/mI, le Qoa augmente de 26% en presence: de
glucose, 10 mM. Le rnétabolisme oxydatif du glomerule est donc
peu important ce qui rend compte de sa résistance 1. l'anoxie. II
semble que le glucose, le citrate et le succinate puissent jouer un
role comme substrate pour maintenir ce métabolisme oxydatif.
Although the glomeruli constitute only a few percent
of the total kidney wt, they play a key role in renal
physiology and pathology. They synthesize the basal
membrane whose normal structure seems to be the
major restriction to the passage of proteins into the
glomerular filtrate, and they are the primary site of
injury in most nephropathies. There is, however,
limited information about their metabolic require-
ments. The purpose of the present study is to explore
the oxidative metabolism of the glomerulus, i.e., to
measure its endogenous respiration and its response to
various substrates. To collect data on this fundamental
aspect of metabolism seemed to us to be a prerequisite
to further studies in more specialized fields such as
protein synthesis in general and basement membrane
synthesis in particular. To determine the oxygen up-
take, a microrespiratory method was selected which
permits the measurement to be made on a few glomer-
uli collected under microscopic control. This proce-
dure insures 100% purity of the sample and avoids
difficulties in interpretation of the results which might
be brought about by the presence of tubular fragments
or cells. Techniques for preparing living tissues should
be evaluated by a correlated morphologic and func-
tional approach. The morphologic aspect and the en-
zyme content of glomeruli isolated in different media
were therefore studied. The results are reported because
they give some insight into the metabolic processes
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which might be investigated with the help of such a
glomerular preparation.
Methods
Isolation of glomeruli. Male Wistar rats, body weight
between 180 and 230 g, were used throughout the study.
They were fed ad lib until death. The composition of
the diet was 23% protein, 5% lipids and 500/() carbo-
hydrates. They were killed by rapid exsanguination
from the aorta under light ether anesthesia. The kid-
neys were not perfused as preliminary experiments
showed that the enzyme content and the oxygen uptake
of glomeruli from perfused kidneys were quite unpre-
dictable. A thin slice of cortex made free-hand with a
razor blade was immediately put into the medium
cooled to about 0°C. The superficial cortex was then
rapidly and smoothly teased with No. 20 stainless steel
needles under the control of a binocular microscope.
As the proximal part of the rat nephron is very fragile
and breaks quite easily, the glomeruli fell to the bottom
of the dish from which they were picked up one by one
with the help of a braking pipette [7], care being taken
to exclude those damaged by the procedure. These
glomeruli were without Bowman's capsule. They were
briefly rinsed into another dish containing the same
medium and then transferred into the final incubation
medium from which they were sucked into a pipette
calibrated to 0.5 l for introduction into the diver.
Determination of the dry wt. The glomeruli were
rinsed a few seconds in distilled water, placed on alu-
minum foil, immediately plunged into liquid nitrogen,
lyophilized and stored under vacuum. For each glomer-
ular weight determination, 10 to 20 glomeruli were
individually weighed on a quartz fiber balance, as de-
scribed by Bonting and Mayron [1].
Determination of the enzyme content was made either
on lyophilized glomeruli obtained as already described
herein or on fresh glomeruli. A few preparations were
also made by the sieve technique, according to the pro-
cedure described by Fong and Drummond [2]. When
lyophilized glomeruli were analyzed, ten determina-
tions were made for each animal. When the enzyme
activities of fresh glomeruli were determined, isolated
either by delaceration of the cortex or by the sieve
technique, a known number of them were picked under
microscopic control and introduced into 200 1 of
twice-distilled water containing 0.1 g/100 ml of bovine
albumin and 0.2 mrvi disodium dicalcium ethylene dia-
mine tetraacetate (EDTA). The cooled suspension was
sonicated for one minute in a 150-watt ultrasonic dis-
integrator (Measuring and Scientific Equipment,
London, England) and the enzyme determination was
made in triplicate. Lactate dehydrogenase, glucose-6-
phosphate dehydrogenase and glutamic dehydrogenase
were determined according to Kissane [3], and acid
phosphatase according to Bonting et a! [4].
Media. Robinson's medium was prepared as de-
scribed in the original paper [5]. Its final composition
is as follows: Na-, 140 mM; K, 5mM; Ca ,2.5mM;
Cl, 144 mM; Mg , 1 mrvi; P04°, 3 mrt; SO4, 1 mM.
The medium containing albumin, 35 mg/mI, is abbre-
viated as Robinson's-albumin. Substrates were pre-
pared as concentrated stock solutions, 0.5 M or I M,
and diluted to the desired concentration just prior to
use. The insulin was first diluted in phosphate buffer,
0.15 M, pH 7.4, and then added to the albumin-contain-
ing medium, as mentioned by Crofford and Renold [6].
The palmitate-containing medium was prepared as
follows. Robinson's medium was prepared without
calcium but contained 20 mg/mI of bovine serum al-
bumin (not fatty acid-free). A 10 m solution of Na
palmitate was added dropwise to obtain a final con-
centration of 1 m. The pH of this solution was ad-
justed to 7.4 and the calcium was then added. As the
albumin is not fat-free, the molar ratio of palmitate to
albumin is certainly higher than 3. All the incubation
media were prepared just before use and filtered
through a filter (Millipore; diameter of the pores,
0.4).
Oxygen uptake determinations. The theoretical basis
of the technique as well as the practical utilization of
the Cartesian diver has been thoroughly described by
Holter and Linderstrom-Lang [7]. The divers which
have been used in this study have a gas volume of 5 to
10 1 (Fig. 1). The glomeruli, 10 to 20, in 0.5 il of the
medium (either Robinson's medium or Robinson's
medium containing a substrate), were placed as the
bottom drop of the diver. The filling of the diver was
then completed as described by Holter and Linder-
strom-Lang [7]. The gas phase was air. All the incuba-
tions were made at 37°C in a water bath with a tem-
perature controlled to 0.01°C. The capacity of the
equipment permitted the simultaneous determination
on six different samples. One control diver containing
the medium but without glomeruli was included in
each series ofdeterminationsas a check for leaks in the
equipment and allowed corrections tci be made for
spontaneous changes of pressure in the apparatus. The
time between the death of the animal and the begin-
fling of the manometric readings was about 100 mm.
Electron microscopy. Glomeruli, isolated by delacera-
tion of a slice of cortex in either Robinson's medium or
in Robinson's-albumin, were pipetted into a solution
of 1% osmium tetroxide in distilled water. After
30 mm fixation, they were transferred successively into
water-graded alcohols and propylene oxide prior to
the embedding in Araldite [8] (Durcupan ACM
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Flotation medium
I cm varaffin oil, 0.5
NaOH 0. IN, 0.5 F1
Incubation n,edium,
0.5 Fl
Gas volume, 8
Fig. 1. The Cartesian diver: The glomeru/i are in the bottom drop.
The NaOH absorbs CO2. The paraffin oil prevents the exchange
of water between the interior of the diver and the flotation
medium. The top seal, made of the medium into which the diver
is going to float, prevents losses of gas from the diver and, by
adjusting its volume, is the means of adjusting the initial equi-
librium pressure of the diver.
"Fluka"). The embedding took place in small centri-
fuge tubes where the glomeruli were spun down by
one minute of centrifugation at 20,000 rpm. After
localization of the glomeruli in half-thin sections, thin
sections were cut, contrasted by potassium perman-
ganate followed by lead hydroxide and examined in an
electron microscope (Zeiss EM-9). The comparison
was made with a fragment of kidney cortex from a nor-
mal rat of the same age and strain submitted to the
same fixation, embedding and contrasting procedures.
Chemicals. Inorganic salts were all obtained from
Merck, as well as palmitate, glucose, fructose, sucrose,
citrate and Tris. Pyruvate, succinate and oxalacetate
were obtained from Boehringer. Glutamate, a-oxoglu-
tarate, alanine and bovine serum albumin (Cohn
fraction V) were obtained from Sigma.
Results
Electron microscopy was performed on two types of
glomerular preparations: glomeruli isolated in Robin-
son's medium and in Robinson's-albumin (Fig. 2, a
and b). Three preparations in each medium were ex-
amined. In the inorganic medium, the endothelial cells
and the mesangial cells appeared well preserved. The
basement membrane remained of normal thickness and
density. In contrast, the podocytes showed extensive
signs of damage. There were many cytoplasmic
vacuoles, the mitochondria appeared swollen and the
nuclei looked paler than normal. These alterations
appeared somewhat less pronounced in the glomeruli
isolated in Robinson's albumin. In spite of these signs
of cellular edema, the foot processes remained well
delineated in both media.
The enzyme content of the different types of glome-
rular preparations is reported in Table 1. All the values
are expressed in MKH units (mole of substrate con-
verted/kg of dry wt/hr) for the sake of comparison.
The reference values are those obtained on Jyophilized
kidney sections of rats of the same strain and age and
were reported previously [9]. Of the four enzymes
selected, the lysosomal enzyme acid phosphatase is
Table 1. Enzyme activities of glomeruli isolated by different procedures and in different media", b
Procedure LDH GDH AC. Phase G-6-PDH
Microdissection of lyophilized 1 5s sections of kidney cortex (5)° 26.3 1 ,2d 1.73 0.30 4.10 0.48 1.00 0.08
Delaceration of cortex and sonication of glomeruli. Medium
of separation
Robinson's (9)
Sucrose, 0.25 M; tris, 0.05 M; pH 7.4 (6)
Sucrose, 0.25 M; P'ate buffer, 0.05 M; pH 7.4 (6)
10.3 4.6
10.9± 3.7
8.2± 1.8
2.60 1.60
0
2.38±1.14
5.24 1.86
4.96± 1.00
4.32±0.28
0.38 0.40
0.42±0.20
0.36±0.28
Sieving technique in KRP+lOmM glucose (8)
Delaceration of cortex in Robinson's and lyophilization
6.3±3.8
13.2 3.0
(11)
1.70±1.20
—
4.20±1.70
—•
0.26±0.01
0.78 0.27
(14)
Delaceration of cortex in Robinson's containing 35 mg of
albumin/mi and lyophilization
12.3± 1.7
(5)
— — —
LDH, lactic dehydrogenase; GDH, glutamic dehydrogenase; Ac. P'ase, acid phosphatase; G-6-PDH, glucose-6-phosphate dehydro-
genase; KRP, Krebs-Ringer phosphate.
b Number of animals in parentheses.
From [8].
"Values expressed in MKH units, SD (moles of substrate converted/kg of dry wt/hr at 37°C.).
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Fig. 2. Electron microscopy of a glomerulus isolated a) in Robinson's medium (above), b) in Robinson's-albumin medium, (below)(x 12,000).
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well preserved in all preparations. The mitochondrial
enzyme glutamic dehydrogenase does not seem to in-
cur any loss. The disappearance of its activity in
glomeruli isolated in sucrose buffered with Tris prob-
ably results from inactivation of the enzyme. Glucose-
6-phosphate dehydrogenase is lost to a various extent.
The best result is obtained by delaceration of cortex in
Robinson's medium and lyophilization. The loss is of
the order of 20%. From 50 to 75% of the soluble cyto-
plasmic enzyme lactate dehydrogenase is lost and the
best recovery is achieved by isolation in Robinson's
medium followed by lyophilization. The loss of lactate
dehydrogenase was similar whether Robinson's
medium contained albumin or not.
The glomerular weight was determined for 17 rats
and was 107± 15 ng. For each animal, about 20 glomer-
uli were individually weighed. The mean coefficient of
variation was 22.3%. When the glomerular weight was
plotted against the rat weight, a statistically significant
relationship between the two was obtained (r=0.599,
0.01 <P<0.05).
The endogenous respiration. Glomeruli in Robinson's
medium without substrate exhibited a constant re-
spiratory rate up to three hours after the beginning of
the incubation. The mean oxygen uptake in 31 rats,
each determination being made in duplicate or in tri-
plicate, was 0.42 nlfhr/glomerulus or 18 LMO2fglome-
rulus. For 13 rats, simultaneous determinations of the
oxygen uptake and the glomerular weight were avail-
able which permitted us to work out the glomerular
Q02 as being 4 l 02/mg of dry wt/hr. Within the nar-
row range of the rat weight we have used, no significant
relationship between the glomerular weight and the
oxygen uptake was established. Consequently, the sub-
sequent data on the influence of substrates on the
oxygen uptake will be expressed per glomerulus. When
small differences were to be expected, i.e., for different
concentrations of glucose or fructose, paired assays
were carried out, glomeruli of the same animal being
used for the determination of the endogenous respira-
tion and of the eventual action on it of different sub-
strates. This ruled out the factor of glomerular weight.
The endogenous respiration of glomeruli isolated
and incubated in Robinson's-albumin was measured
in nine rats (15 determinations) and was 0.38 nl/02/hr/
glomerulus, a value not statistically different from the
one obtained in the inorganic medium.
Effect of various substrates (Table 2). No influence of
oxaloacetate was observed during the first two hours of
incubation, but later the oxygen uptake seemed to be
depressed by this substance. Citrate increased the re-
spiratory rate by 30%. In order to determine whether
this effect was due to the chelating action of this sub-
stance on calcium ions, paired determinations of the
Table 2. Effect of different substrates on glomerular respiration
Substrate Concentration Animals Determinations 02 uptake
mM N N nllhrlglom.
P
value
Isolation and incubation in Robinson's medium
None — 31 65 0.42±0.08 —
Acetate 10 5 9 0.43±0.14 NS
Glutamate 10 5 10 0.45±0.11 NS
Alanine 10 5 8 0.47±0.11 NS
Citrate 10 6 12 0.55±0.08 <0.01
Oxalacetate 10 6 12 0.40±0.14 NS
a-oxoglutarate 10 4 7 0.44±0.10 NS
Succinate 2.5 4 8 0.63 <0.001
5 5 10 1.04±0.26 <0.001
10 6 12 1.22±0.24 <0.001
Glucose 5 3 6 0.44±0.06 NS
10 7 14 0.46±0.09 NS
20 9 16 0.57±0.07 <0.001
Fructose 10 5 10 0.47±0.09 NS
20 5 10 0.50±0.17 NS
Incubation medium containing 20 mg/mI bovine albumin
None — 6 12 0.45±0.10 —
Palmitate 1 6 12 0.50±0.28 NS
Isolation and respiration in Robinson's medium containing 35 mg/mI bovine albumin
None 9 15 0.38±0.10
Glucose 10 9 14 0.48±0.10
Glucose insulin, 10 + 3 6 0.37
10 mU/rn!
Rat gloineru/ar inetabolisni 91
oxygen uptake were run in a normal medium and in a
calcium-free medium; no difference in the respiratory
rate was observed, and it does not appear that calcium
ions have an important influence on glomerular oxygen
uptake. Succinate, 2.5 m, increased the oxygen up-
take by 50%, and at 10 m, a threefold increase of the
endogenous respiration was observed (Fig. 3).
Since the medium with palmitate contained albumin
(20 mg/mI), endogenous respiration was measured in
the medium which contained albumin but no palmitate
and paired data analysis was used. There was an in-
crease of 10% in the presence of palmitate but the in-
crease was not significant.
Fructose at 10 and 20 mM did not increase the oxy-
gen uptake significantly, but significant stimulation
was achieved with glucose, 20 m (Fig. 4). Paired de-
terminations were also made with glomeruli isolated
and incubated in Robinson's-albumin, with and with-
out 10 m glucose (Table 2). In this medium, 10 mM
glucose increased the respiration by 26% and paired
data analysis gave a significance of 0.005<P<0.0l0.
Nonpaired data analysis gave a P value just at the 5%
level. Three assays were made in the presence of 1 mU/
ml of insulin. The presence of this hormone did not
improve the response to 10 m glucose. As traces of
heavy metals might have inhibited enzymes or the
transport system, two assays were made in the presence
of 1 mrvr EDTA, a chelating agent which does not
change the calcium concentration. The glucose con-
centrations were 5 and 10 m. The results were within
the limits of the ones obtained without this substance.
Discussion
The aim of the present study was to explore the
oxidative metabolism of the normal glomerulus. The
main problem for the study of the glomerulus is its
peculiar position in the nephron which makes it in-
accessible to direct investigation. The microdissection
of lyophilized kidney sections allows quantitative de-
terminations, related to dry wt of the sample, of the
activities of enzymes or other constituents [3]. This
technique, however, does not permit the exploration of
the oxidative metabolism. Bulk isolation of glomeruli
by the sieve technique, as initially described by
Krakower and Greespon, yields relatively pure glome-
rular preparations, quite adequate for the purpose of
isolation and chemical analysis of the basement mem-
brane [1011. When these suspensions are used for
metabolic studies, the presence of a small number of
tubular fragments may make the interpretation of the
results difficult. The very simple procedure of Nowinski
and Pigon for the collection of fresh glomeruli under
microscopic control avoids this difficulty [11]. A
microrespirometric technique is necessary for the small
quantity of tissue obtained. The Cartesian diver,
which has been used in this study, has previously given
o 50 ___f
1.0
GlucoseO.50
0 5 10 15
mM
Fig. 4. Effect of different concentrations of fructose and glucose on
the oxygen uptake, expressed in ni per hour and per glomerulus
(mean SD).
be
5)
0 0.50
2.5 5 10
mM
Fig. 3. Effect of different concentrations of succinate on the oxygen
uptake expressed in n/per hour and per glomerulus (mean± SD).
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adequate results in a similar study on pancreatic islets
[12].
In spite of the speed and mildness of our preparative
procedure, electron microscopy of the glomeruli re-
vealed extensive damage to podocytes, the glomerular
cells most exposed to mechanical trauma. Buss,
Lamberts and Renner made a very careful study of the
influence of the composition of the isolation medium
on the morphology of glomeruli isolated by the sieve
technique [13]. They apparently found a comparable
degree of alteration in the podocytes, although it was
less pronounced in the Robinson's-albumin medium.
In our hands, this medium did not result in a very
striking improvement of the morphologic aspects. It
seems, therefore, justified to consider the glomeruli we
have used as containing normal endothelial and mes-
angial cells and morphologically altered podocytes. It
is, however, fairly reassuring that the recovery of enzy-
mes, associated mitochondria and lysosomes was close
to 100%. The most disturbing fact is the 50% loss of
the soluble cytoplasmic enzyme lactate dehydrogenase.
Richterich and Franz made a study of the enzyme
content of glomeruli isolated by a modified sieve
technique and found that two-thirds of the lactate de-
hydrogenase was lost [14]. A comparable loss of other
soluble enzymes might occur and decrease the rate of
utilization of some substrates.
In spite of these limitations, the glomeruli maintain
a constant respiratory rate over a period of approxi-
mately three hours. Moreover, the agreement between
duplicate or triplicate determinations, as well as the
reproducibility from animal to animal, was satis-
factory. The Q02, a standard biochemical parameter,
permits comparison of data on a dry wt basis. The
average dry wt of one glomerulus of a normal Wistar
rat of 200 g was 107 ng. This value is in reasonable
agreement with the one which can be worked out from
the nitrogen content per glomerulus mentioned by
Fong and Drummond: 80 ng for rats of 140 to 170 g
[2]. O'Brien and Chase report a weight of 226 ng for
lyophilized glomeruli without mentioning the weight
of the rats [15]. As we have seen, there is a relationship
between rat and glomerular weight; thus, their data are
difficult to interpret. Therefore, it seems justified to
estimate on the basis of our data, a glomerular Q02 of
4 il/hr/mg of dry wt. This value is probably close to
the one which can be estimated from the data of
Meezan et al [16] and Brendel and Meezan [17].
Nowinski and Pigon found an endogenous respiration
of 0.12 nl/hr/glomerulus in rats weighting 180 g [11].
The same method of preparation and measurement as
utilized by these authors was used in the present study.
Therefore, the reason for this discrepancy must be
found elsewhere. The temperature of incubation in
Nowinski's work was 30°C, but this cannot account
for the difference in the respiratory rate, as the Q02 of
pancreatic islets was measured at 30 and 37°C and a
ratio of 1.57 was found between the two [18]. A more
likely explanation lies in the differences in the media
that were used. These authors employed a medium of
very low ionic concentration (0.25 M sucrose buffered
with 0.05 M phosphate) and found that all the tested
acids of the TCA cycle significantly increased the
oxygen uptake of glomeruli, but at the quite unusual
concentration of 200 mr'i, which was considered to be
optimal. According to Walker, glomeruli have a Q02
of the same order as that of a tubular suspension [19].
It is quite probable that the oxygen uptake of this
tubular suspension was low compared to cortical slices
and the comparison does not seem justified.
There is no microscopic evidence of the presence of
glycogen or lipids in the glomerular cells [20]. Al-
though this does not preclude the presence of these
two substances in the cytoplasm a systematic investiga-
tion of substances likely to increase the oxygen uptake
was made. Citrate, 10 m, increased the oxygen con-
sumption significantly. Nowinski has also shown
citrate to be the most effective organic acid substrate.
Succinate induced a marked respiratory enhancement
at a concentration of 2.5 m, and was able to raise the
Q02 to about three times its basal level at a 10 mrt
concentration. Brendel and Meezan found a similar re-
lationship between oxygen uptake and succinate con-
centration [17]. This succinate-supported respiration
should be interpreted with caution. In some tissues, it
has been demonstrated that the oxygen uptake in-
duced by succinate did not result in adenosine tn-
phosphate production but that it was due to the direct
transfer of electrons from this substrate to the electron
transport chain [21].
Among the hexoses, fructose is utilized by kidney
cortex but not glucose [22]. The addition of 10 m or
20 m fructose failed to significantly affect oxygen
consumption. Glucose at physiological concentrations,
5 or 10 mrvi, did not result in an increased respiration,
but a concentration of 20 m resulted in an unequi-
vocal increase in oxygen uptake. These results are at
variance with those of Brendel and Meezan who re-
ported a linear relationship between glucose concentra-
tion and oxygen uptake [17]. Loss or inactivation of
soluble cytoplasmic enzymes, or damage to any specific
transport system, would decrease the magnitude of the
response, making it more difficult to obtain statistic-
ally significant results. An alternative explanation for
this poor response to glucose might be found in the
results obtained with Robinson's-albumin medium. In
this medium, 10 m glucose induced a significant in-
crease in respiration. This would suggest that albumin
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binds to some metabolic inhibitor present in our pre-
paration.
Another substrate of interest is palmitate, one of the
preferential fuels of kidney cortex [22]. Fong and
Drummond found the oxidation rate of this substance
to be linear for several hours in their glomerular sus-
pension [23]. From their data, however, it seems that
the relative importance of the contribution of palmi-
tate to glomerular metabolism is small. It might have
escaped detection by our technique. Moreover, these
authors used '4C-I-palmitate and the recovery of '4C02
cannot be equated to the complete oxidation of the
molecule.
Our data, therefore, show that the oxidative meta-
bolism of the glomerulus is low compared to that of
the cortex which is one of the highest of all tissues.
This finding is consistent with the small number of
mitochondria seen in the different glomerular cell types
and with the fact that, in kidney grafts where the lesions
due to anoxia are marked, the glomeruli are remarkably
spared [24].
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